Investigating the Flow Field of a Stormwater Quality Improvement Device. by Madhani, Jai et al.
  
 
COVER SHEET 
 
 
This is the author version of article published as: 
 
Madhani, Jehangir T. and Kwek, Leonard M. K. and Brown, Richard J. and Kelson, 
Neil A. and Frost, Ray L. (2005) Investigating the flow field of a Stormwater Quality 
Improvement Device . In Proceedings Environmental Engineering & Sustainability 
(EES), pages pp. 1-6, Power House, Sydney. 
 
Copyright 2005 (please consult author) 
 
Accessed from   http://eprints.qut.edu.au 
 
 
 
 
 
 
 
 
 
 
 Investigating the flow field of a  
Stormwater Quality Improvement Device 
 
(In Proceedings Environmental Engineering & Sustainability (EES), pages pp. 1-6, Power 
House, Sydney.) 
 
Jehangir T. Madhani1 
School of Engineering Systems, QUT 
 
Leonard Meng Kiat Kwek 
School of Engineering Systems, QUT 
 
Richard J. Brown 
School of Engineering Systems, QUT 
 
Neil Kelson 
High Performance Computing and RSIT, QUT 
 
Ray L.W. Frost 
School of Physical & Chemical Sciences, QUT 
 
1 Author to whom correspondence should be addressed:  
School of Engineering Systems, Queensland University of Technology,  
Brisbane QLD 4001, Australia. E-Mail: j.madhani@qut.edu.au. 
 
Keywords: Stormwater gross pollution, SQIDs, ADV, litter, capture 
 
ABSTRACT  
An experimental investigation was performed on a stormwater quality improvement device 
(SQID) to analyse the stormwater flow field characteristics and its behaviour in relation to 
trapping gross pollutants. SQIDs play an essential role in trapping stormwater pollution thus 
preventing its entry into receiving waterways. A relatively new technology designed to be 
more efficient than the existing deployment of trash racks.  The experimental study is part of 
an ongoing research to understand the coupling flow phenomenon effect between the flow 
field and litter accumulation and also to be used as a validation process for Computational 
Fluid Dynamics (CFD) studies.  
 
The experiments consisted of 3D flow field measurements within the chamber of a half 
scaled model of the prototype SQID using an acoustic Doppler velocimeter (ADV). The 
experimental study considers the worst case scenario when the device is filled and clogged 
with litter and this condition is termed fully blocked. For the purpose of conducting 
measurements, the main flow outlet screens are replaced with solid wall boundaries to 
simulate the fully blocked conditions and hence the absence of litter particles in the holding 
chamber permitting the use of the ADV. 
 
The results are presented in the form of mass conservation integrals, velocity vectors and 
streamline visualisation plots. These results aided a better understanding of the flow 
characteristics and behaviour within the SQID. The findings suggest that when the SQID is 
fully blocked there is a region of low recirculation near the entry that both helps to retain and 
prevent entry of the pollutants within the device. 
 
 
 Figure 3:  Instrument setup - the 
mounted ADV on carriage. 
 
(C-M Concrete Pty. Ltd, 2004).
 
Figure 1: LitterBank 
1. INTRODUCTION  
Pollution from stormwater runoff is recognised as a serious problem as addressed by The Federal 
Senate’s inquiry into Australia’s Urban Water Management (2002). Scientific research reveals the 
damaging effect of stormwater pollution on the environment. The focus on controlling pollution and 
preventing its entry into natural waters has led to the development of SQID.  These devices can be 
designed to specifically remove a variety of pollutants. This research is primarily focused on the 
efficiency of trapping gross pollutants (litter and debris greater than 5 mm) and investigating the 
coupling phenomenon of the flow field and litter accumulation. The SQID, developed by C-M 
Concrete Pty. Ltd, 2004, on which the experimental study is based upon, is shown in Error! 
Reference source not found.. It is employed at the end of the network line prior to the stormwater 
discharging into the receiving waterways and is of a dry storage type requiring a minimum depth of 
excavation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The principle operation of the LitterBank is shown in Error! Reference source not found.. Under 
normal conditions the flow enters the main chamber (A) and flows through the main outlet screen. 
If this chamber is filled with litter and debris or the screens are clogged, stormwater enters the trap 
and its flow is forced to the overflow zone (B) exit. The fully blocked conditions are simulated by 
replacing the screens with solid perspex walls, allowing the intrusive nature of the probe to 
measure the velocities of the water particles. 
 
2. METHODS 
The 10 MHz ADV is mounted on the instrument carriage (Figure 3) on top of the flume and 
facilitates movement in the model to within ± 0.5 mm. There are four horizontal measuring planes 
in total, each plane constituted a grid template of 114 nodal 
points for the flow field measurement using the ADV (Error! 
Reference source not found.). The bed floor of the LitterBank 
to the lowest plane and the separation between the planes is 
50cm.  
 
The duration of the velocity measurement at each grid point 
was between 3 to 5 minutes. This ensured that the data 
collected was considered to be reliable as the threshold 
correlation approximated to 70% and the signal to noise ratio 
(SNR) was maintained at 15dB. The velocity data 
measurement sampled at a rate of 0.04s (25 Hz), and a 
sampling volume of 0.3cm3. The stated ADV accuracy on the 
instantaneous velocity is ± 0.25% under ideal conditions. In this application, the mean velocity is 
within 5% owing to the excessive bubbles in the vicinities of the boundaries. 
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Figure 2: Principle operation 
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Figure 5: The experimental scale model 
 
The experimental model is shown in Figure 5Error! No sequence specified. and its material 
components consist of aluminium and perspex. The 50% scale model was tested in the 19m flume 
(width = 0.509 m and depth = 0.507 m) located in the QUT hydraulic laboratory. Downstream of the 
flume, the setup consists of a water trap with a mechanical valve, a weir and an outlet to the sump. 
The rate of flow into the model trap is controlled by a variable pump. The downstream conditions 
are controlled by the height of a weir which is regulated via electromechanically. The downstream 
conditions influence the turbulent activity within the SQID device. Increasing the weir height 
reduces the flow rate into the trap chamber and also the free surface turbulence effects. Typically, 
stormwater networks are designed to handle flow rates in the order of 1 – 6m/s. However the norm 
is stated to be around the 1m/s. 
 
A matrix of flow regimes was tabulated during the initial study as shown in Table 1. The 
experiments focused on the two extremes, the low and high turbulence. In the low turbulence case, 
the turbulent activity within the SQID is mitigated by the effect of high tide and the free water 
surface effect is also reduced in the chamber. However, in the other extreme, the high turbulence 
case, the flow regime amplifies the free water surface activities causing excessive bubbles and 
thereby hampering measurements in certain areas of the trap.  
 
Table 1: Matrix of flow regimes in the model trap 
In both these extreme cases (at 
100% blockage) the behaviour 
simulates the SQID filled or 
clogged with gross pollutants.  
 
The flow rate was measured 
with an orifice plate, upstream of 
the entry of the experimental 
model. The experiments 
required 150 hours of flow field 
data collection and the raw data 
from the ADV probe was 
processed using the Sontek 
WinADV freeware software. 
 
 
3. RESULTS 
The mean velocities in x, y and z directions were experimentally measured for each grid point 
producing a 3D flow field for the high and low turbulence cases. In the high turbulence scenario, 
Operating 
Conditions 
 Description 
(flow rate) 
Percentage 
Screen 
Blockages % 
Flow 
regime 
Reynolds 
Number 
Depth of outflow   25 50 75 100   
Up (410 mm) Low (6.32 l/s)     Low 49000 
 Medium       
 High       
Medium (372 mm) Low       
 Medium       
 High       
Down (295 mm) Low       
 Medium       
 High (21.9 l/s)     high 170000 
 
A B C 
Figure 4: Plan view of the grid measurements (A, B & 
C are also shown in elevation in  
 Figure 6: Streamlines plots for the low 
turbulent case.  
measurements were restricted within the vicinities of the boundaries particularly in the trap entry 
area due to excessive free surface activities. These results are shown in the form of streamline 
plots for both cases (see Error! Reference source not found. and Error! Reference source not 
found.). The results obtained from the low turbulent case permitted a more vigorous analysis, and 
the mass flow rate in the trap was evaluated by integrating the velocity profile in 2D (y-z plane) to 
obtain the total flow at each cross section along the x axis. 
 
   
 
Figure 8 shows an intermediate step in the calculation of the flow rate, at x = 46 mm, near the trap 
entry. The final curve was obtained by interpolating the data taken at the horizontal measuring 
planes. The experiments do not facilitate measurements of the free surface velocities which are 
estimated as shown in red on the far right (surface layer). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Graphical representations of the results were performed using Matlab software version 6.1. 
Standard mathematical features were used. However, there is scope for refinement of the results 
using recent advances in vector visualisation techniques. 
 
Figure 8: Intermediate quantity  
∫Ux dy used to calculate the flow 
rate in Y-Z plane at x = 46 mm. 
Figure 7: Streamlines plots for the high 
turbulent case. 
Flow direction 
 Figure 11: Velocity vectors visualisation plot. 
Figure 10: Average flow rate corresponding to 
Figure 9 (see Figure 4, for plan view of A, B & C).
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Figure 9: Qin , Qout and (Qin  - Qout ) at set grid 
points along the body of the SQID. 
 
  
 
 
 
 
 
 
 
 
 
 
Error! Reference source not found. shows the incoming and outgoing flow rates along the length 
of the trap and the mean, Qav, is shown in Figure 10. In order to improve the estimate of Qin and 
Qout we take the average of the two quantities, since we know by conversation mass that they must 
be equal: Qav = (Qin + Qout)/2.  
 
4. DISCUSSION 
The results clearly indicate that the flow characteristics within the trap entry is complex and 
involves a strong interaction between the horizontal measuring planes demonstrated by the 
velocity vectors plots (Figure 11) and the streamlines (Error! Reference source not found.). 
Figure 11 was constructed using the AVS/Express visualization Edition v6.2 software. The quality 
of the experimental data was determined by analysing the mass flow rate along sections of the 
model trap. For each section of the y-z plane along the length of the trap, the conservation of mass 
must hold true as the fluid motion within the model and the flow inlet and exit are in equilibrium.  
 
The results in Error! Reference source 
not found. show the comparison 
between the incoming and outgoing flow. 
Since Qin must be equal to Qout by 
conservation of mass, Qin - Qout indicates 
the error incurred in this calculation. The 
error in Qin or Qout relative to Qav is high 
(varying between 46 to 55%) in vicinity of 
the trap entry (x = 24 to 46 mm) and 
lower at the mid chamber (average of 
14%, at x = 138 to 460 mm).This error is 
attributed to the lack of data caused by 
the physical limitations of the probe in 
taking measurements near the 
boundaries (see grid spacings numbers 
23/4, 83 and 34 in Figure 4). The 
acoustic receivers of the probe extend 
outward from the centre and therefore require 
a radial clearance of 4.0 cm. The distance of the grid spacing is 5.0 cm. Furthermore, the 
unaccountable flow rate in the unmeasured horizontal plane near the water surface will also be a 
factor in evaluating the error.  
 
Qav Figure 10 indicates the high flow rate (1.6 l/s) at the entry (A) due to the inlet jet and its high 
shearing forces. The trend shows a rapid decline (B) prior to reaching a steady consistent level (C) 
see also Figure 4. This plateau (C, at x = 184 to 322 mm) denotes the physical characteristics of a 
recirculation zone as shown in Figure 12 towards the rear end of the device. The lowest flow rate 
 (0.6 l/s) shown on the graph, at x = 92 mm implies that there is a minimum interaction between the 
incoming and outgoing fluid flow. In real terms, the graph indicates that approximately 60% (3.8 l/s) 
of the fluid flow enters at (A) and proceeds to follow a 360 degree turn via the upper fluidic layers – 
the path of least resistance.  This implies that the majority of the fluid entering the chamber does 
not penetrate into the trap but is reflected by the recirculation buffer zone. In addition, the chamber 
retains 60% of the total flow through pipe and the remaining flows exits the chamber through the 
buffer zone (at x = 92). 
 
Figure 12 summarises the fluid flow rates for each section of the model device and provides an 
overall deduction of the fluid flow characteristics of the model device. The flow rate at the inlet pipe 
is 6.3 l/s and it is derived that 75% (4.7 l/s) of the fluid exits immediately from the trap. Similarly 
25% (1.6 l/s) of the fluid leaves the main chamber (see Error! Reference source not found., A) 
suggesting that majority of the fluid contents is retained. 
 
 In the high turbulence scenario the streamlines exhibits vortex motion characteristics in the upper 
layers, unlike in the low turbulence case.  The lower horizontal measuring planes show similar 
trends in the diverging jet flow inlet entry into the device.  
 
The experimental results provided a greater understanding in the retention behaviour and flow 
characteristics of the device. However, the experimental errors are subjected to the nature of the 
intrusive measurement technique and also in ignoring the free surface effects. The errors could 
also be reduced by refining the measurement grid and using a more in depth mathematical 
application of interpolation and refinement of the flow field.  
 
 
5. CONCLUSIONS 
The experimental study has provided a foundation for further studies in flow behaviour and the 
retention characteristics of the SQID. The results enabled the flow rate to be mapped throughout 
the chamber of the trap device (Figure 12) thus providing an overall understanding of flow 
characteristics and trends. Recirculating zones are the key in understanding the coupling 
phenomenon between the stormwater flow and the accumulation of litter.  The experiments also 
demonstrated that when the SQID is clogged and blocked with litter, the results clearly indicate that 
the majority of incoming stormwater and its pollutants will immediately exit the device via the outlet 
or by pass zone. It also indicates that the retained pollutants will be not swept away with the new 
pollutants when the SQID is filled. Further experimental and theoretical studies will identify whether 
the interaction between the stormwater flow and litter should be minimised in the chamber to 
improve the retention and trapping efficiency of the device. 
 
Figure 12: Plan view of the model SQID showing percentage flow rate at various sections. 
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 This study will involve a more comprehensive understanding of litter capture so that the SQID 
trapping efficiency can be matched with the local authority maintenance schedules. 
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